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(57) A combinational weighing or counting ap- 
paratus designed to increase the probability of 
selection of combinations. This combinational 
weighing or counting apparatus includes a 
plurality of weighing hoppers (6)), and a plurali- 
ty of driving feeders (3j) for supplying articles 
(M) from an upstream side towards the corre- 
sponding weighing hoppers (6^ when the driv- 
ing feeders (3 } ) are driven. In this combinational 
weighing or counting apparatus, the value at 
which the probability of occurrence of the com- 
binational calculated weight or count, attains a 
maximum value is chosen to be greater than the 
target combined weight T M , but falling within an 
allowance of an lower limit T MN to an upper limit 
Tmax of the target combined weight T M . 
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The present invention relates to a combinational 
weighing or counting method and an apparatus there- 
for which utilizes a plurality of weighing devices for 
weighing or counting a plurality of articles of varying 
weight such as, for example, snacks, candies, fruits 
or vegetables or small machine parts, and then to se- 
lect an appropriate combination of the articles based 
on results of weight measurements or counts. 

The combinational weighing apparatus is a ma- 
chine so designed that the articles of varying weight 
such as snacks, candies, fruits or vegetables can be 
averaged or substantially matched in weight to a tar- 
get combined weight An example of this combination- 
al weighing apparatus is well known and is disclosed 
in, for example, the Japanese Laid-open Patent Pub- 
lication No. 63-30725 published in 1988, and will now 
be discussed with reference to Fig. 6. 

Referring to Fig. 6, articles M to be weighed which 
have been transported by means of a transport con- 
veyor 1 are dispensed through a dispensing feeder 2 
into a plurality of vibratory feeders or driving feeders 
3i to 3 n which subsequently loads fractions of the ar- 
ticles into respective weighing hoppers 6^ to 6 n . A 
combination control means (not shown) selects some 
of the weighing hoppers to 6 n to thereby select an 
appropriate combination of the weighing hoppers 6^ 
to 6„. In other words, based on the weights given by 
the respective weighing hoppers 6 1 to 6 n , the combin- 
ation control means selects the appropriate combin- 
ation of the weighing hoppers 6! to 6 n which would 
eventually provides a measured combined weight 
equal or generally equal to a target combined weight 
The respective fractions of the articles M accommo- 
dated within the selected appropriate combination of 
the weighing hoppers 6 1 to 6 n are then discharged into 
a collecting and discharging chute 9. 

According to the prior art, in order to accomplish 
the selection of the appropriate combination as pre- 
cisely and as efficiently as possible, arrangement has 
hitherto been made that the amount of the articles M 
to be supplied into each of the weighing hoppers 6-, 
to 6 n is equal or approximately equal to a target supply 
weight T (for example, the quotient of the target com- 
bined weight T M divided by the number m of the 
weighing hoppers selected for the combination) to 
which the articles are supplied into the respective 
weighing hoppers 6 A to 6 n . For this purpose, parame- 
ters for controlling a supply ability of each of the driv- 
ing feeders 3 t to 3 n (such as representative of the am- 
plitude of vibration to which each driving feeder is vi- 
brated and the vibrating time over which such driving 
feeder is vibrated) are controlled in the following man- 
ner. 

A parameter setting means (not shown) determi- 
nes, for each of the driving feeders 3, to 3 n , parame- 
ters for the current weighing cycle on the basis of the 
parameters for the previous weighing cycle and the 
amounts of the articles actually supplied into the 



weighing hoppers 6^ to 6„ during the previous weigh- 
ing cycle. The driving feeders 3 t to 3 n are vibrated ac- 
cording to the parameter so determined for the cur- 
rent weighing cycle that the amounts of the articles M 
5 corresponding to the target supply weight T call be 
supplied into the respective weighing hoppers 6, to 
6„. 

The target supply weight T referred to above is 
determined in the following manner. Assuming that 

10 the number of the weighing hoppers 6, to 6 n is 1 0 (i.e., 
n = 1 0), arbitrarily chosen number m of the ten weigh- 
ing hoppers wiO give the maximum number of calcu- 
lated weights (combinational calculated weights) 
when the number m of the weighing hoppers is 5. Ac- 

15 cordingly, the value of the target combined weight T M 
divided by the arbitrarily chosen number, that is, 5, of 
the weighing hoppers is chosen as the target supply 
weight T. In this way, the combinational calculated 
weight W M given by summing one or a number n of 

20 measured weights W 1 together gives rise to a distrib- 
ution shown by the phantom line in Fig. 1(b), showing 
the highest probability at a weight corresponding to 
the target combined weight T M . 

On the other hand, the weight of articles packed 

25 in, for example, a bag, that is, the combination select- 
ed weight W s , is selected out from the combinational 
calculated weight W M in the following manner. The 
combinational calculated weight W M has an allow- 
ance ranging between a predetermined lower limit 

30 T MtN and a predetermined upper limit T^oc and, ao 
cordingly, the value within the allowance between the 
lower limit T M]N and the upper limit Tmax of the combi- 
national calculated weight W M is selected for the com- 
bination selected weight W s . In other words, an area 

35 S2 hatched by the phantom lines in Fig. 1 (b) is select- 
ed for the combination selected weight W s . 

As discussed hereinabove, since the combina- 
tional calculated weight W M is so determined as to oc- 
cur at the target combined weight T M with the highest 

40 probability, the probability with which the combina- 
tional calculated weight W M takes a value slightly 
smaller than the target combined weight T M is com- 
parable to the probability with which the combination- 
al calculated weight W M is slightly greater than the tar- 

45 get combined weight T M . However, since the target 
combined weight T M is generally equal to the lower 
limit Tmj N( the combinational calculated weight W M 
which is of a value slightly smaller than the target 
combined weight T M which occurs with a high prob- 

50 ability is not selected for the combination. According- 
ly, the prior art method has a problem in that, even 
though weight measurement is carried out, cases of- 
ten occur in which no combinational selection is car- 
ried out 

55 Where no combinational selection occurs even 

though the weight measurement has been carried 
out, it requires, for example, that all of the articles M 
within the respective weighing hoppers 6 t to 6 n must 
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be discharged to the outside through the collecting 
and discharging chute 9 and, therefore, it brings about 
an additional problem in that the time required to com- 
plete each cycle of packing of the articles tends to be 
prolonged. It is to be noted that similar problems oc- 
cur with the combinational counting apparatus. 

The present invention has been devised with due 
regards paid to the foregoing problems and is intend- 
ed to provide an improved combinational weighing or 
counting method and an improved combinational 
weighing or counting apparatus, in which there is less 
possibility that a combinational selection will not take 
place. 

To this end, according one aspect of the present 
invention, a combinational weighing or counting 
method is featured in that the value at which the com- 
binational calculated value obtained by the combina- 
tion of measured values of the weighing hoppers oc- 
curs with a maximum probability is chosen to be 
greater than the target combined value T M and within 
the allowance. 

The principle of the above described method of 
the present invention will now be described with ref- 
erence to Fig. 1(b). Since the combination calculated 
value occurs with a maximum probability at the value 
T M 1 greater than the target combined value Tm, and 
since both the value slightly greater than the value 
T M 1 and the value slightly smaller than the value T M 1 
are greater than the target combined value T M which 
is the lower limit a combinational selection of the both 
values is possible. Accordingly, as can readily be un- 
derstood from Fig. 1(b), the probability with which the 
combination selection is possible according to the 
present invention (an area S1 hatched by the solid 
lines) is higher than the probability with which the 
combination selection is possible according to the pri- 
or art (the area S2 hatched by the phantom line). 

Since, in the distribution shown by the solid line 
in Fig. 1 (b) f the probability of occurrence takes a max- 
imum value at this value T M 1 , the surface area of the 
hatched area S1 shown by the solid lines becomes 
greater than the surface area of the hatched area S2 
shown by the phantom line and, therefore, effects of 
the present invention can be obtained and this is en- 
compassed within the scope of the present invention. 

Although the probability with which a value equal 
to the target combined value T M occurs may be low- 
ered as compared with that according to the prior art, 
it will not vary greatly from the prior art and, therefore, 
it does not matter. 

According to another aspect of the combinational 
weighing or counting method of the present invention, 
a quotient of the combinational calculated values div- 
ided by a real number which is not an integer, is used 
as an average value of target supply values to which 
the articles are to be supplied to the respective weigh- 
ing hoppers. 

With this method, the probability of occurrence of 
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the value obtained by multiplying the average value 
of the target supply values times an arbitrarily chosen 
integer, that is, the combinational calculated value, is 
distributed as shown by the solid line in Fig. 1(b) and, 

5 for this reason, the probability of occurrence of the 
combinational calculated value will attain a maximum 
value at a value T M 1 which is greater than the target 
combined value T M . Accordingly, the probability of se- 
lection of the combination becomes high as is the 

10 case with the combinational weighing or counting 
method according to the first aspect of the present in- 
vention. 

According to a third aspect of the present inven- 
tion, the combinational weighing or counting appara- 

15 tus is provided with an input setting means capable 
of being manipulated to input an integer and a real 
number, which is not an integer, as a number of the 
weighing hoppers selected to thereby to determine a 
target supply value, to which the articles are to be 

20 supplied to the individual weighing hopper, which is 
obtained by dividing the target combined value, and 
also with a target supply value calculating unit capa- 
ble of dividing the target combined value by the num- 
ber of the selected weighing hoppers which is the in- 

25 teger and the real number which is not an integer, 
thereby implementing the combinational weighing or 
counting method according to any one of the forego- 
ing two aspect of the present invention. 

According to a fourth aspect of the present inven- 

30 tion, the combinational weighing or counting method 
is featured in that a parameter for controlling a supply 
ability of each of the driving feeders is determined on 
the basis of a quasi-target combined value T M 1 which 
is greater than the target combined value T M , but fall- 

35 ing within the allowance of an lower limit T^ to an up- 
per limit Tmax as shown in Fig. 1(b). 

With this combinational weighing or counting 
method according to the fourth aspect of the present 
invention, since the parameter for each of the driving 

40 feeders is determined on the basis of a quasi-target 
combined value T M 1 , the probability of occurrence of 
the combinational calculated value attains a maxi- 
mum value at the quasi-target combined value T M 1. 
On the other hand, since the quasi-target combined 

45 value T M 1 is greater than the real target combined val- 
ue T M , the probability of selection of the combination 
becomes high as is the case with the combinational 
weighing or counting method according to the first as- 
pect of the present invention, if a combinational cal- 

50 culated value close to the real target combined weight 
T M is selected. 

According to a fifth aspect of the present inven- 
tion, the combinational weighing or counting appara- 
tus is provided with a setting means for setting a qua- 

55 si-target combined value in addition to the target com- 
bined value, and also with a parameter setting means 
for setting a parameter for each of the driving feeders 
on the basis of the quasi-target combined value, 

3 
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thereby implementing the combinational weighing or 
counting method according to any one of the first and 
fourth aspects of the present invention. 

Also, according to a sixth aspect of the present in- 
vention, the combinational weighing or counting ap- 
paratus is provided with an input setting means capa- 
ble of being manipulated to input a target supply value 
to which the articles are to be supplied to each of the 
weighing hoppers, and also with a parameter setting 
means for setting a parameter for each of the driving 
feeders on the basis of the target supply value, there- 
by implementing the combinational weighing or 
counting method according to anyone of the first and 
fourth aspects of the present invention. 

This and other features of the present invention 
will become clearf rom the following description taken 
in conjunction with preferred embodiments thereof 
with reference to the accompanying drawings, in 
which like parts are designated by like reference nu- 
merals and in which: 

Fig. 1(a) is a schematic diagram showing a con- 
cept of a combinational weighing apparatus ac- 
cording to a first preferred embodiment of the 
present invention; 

Fig. 1 (b) is a diagram showing a pattern of distrib- 
ution of combinational calculated weights which 
would result from the combinational weighing 
method; 

Fig. 2 is a schematic diagram showing the struc- 
ture of the combinational weighing apparatus ac- 
cording to the first preferred embodiment of the 
present invention; 

Fig. 3 is a schematic diagram showing the struc- 
ture of the combinational weighing apparatus ac- 
cording to a second preferred embodiment of the 
present invention; 

Fig. 4 is a schematic diagram showing the struc- 
ture of the combinational weighing apparatus ac- 
cording to a third preferred embodiment of the 
present invention; 

Fig. 5 is a schematic diagram showing a concept 
of a basic structure of the combinational weigh- 
ing apparatus equipped with a booster; and 
Fig. 6 is a schematic diagram showing one exam- 
ple of a general combinational weighing appara- 
tus. 

Hereinafter, some embodiments of the present 
invention will be described with reference to the ac- 
companying drawings. Specifically, Figs. 1 and 2 il- 
lustrates a first preferred embodiment of the present 
invention. 

Referring first to Fig. 1, a transport conveyor 1 is 
operable to fall articles M to be weighed onto a central 
portion of a generally flat conical dispensing feeder 2. 
A number n of vibratory feeders or driving feeders 3^ 
to 3 n are disposed around and substantially beneath 
an outer peripheral edge of the dispensing feeder 2. 
Each of these driving feeders 3, to 3 n is, while driven 



according to predetermined parameters, that is, while 
vibrated at a predetermined amplitude for a predeter- 
mined length of time, operable to feed the articles M 
to be weighed on the dispensing feeder 2 onto an 
5 equal number n of pooling hoppers 4 t to 4 n each pro- 
vided with a respective gate 5^ to 5„. Weighing hop- 
pers 6i to 6 n are disposed immediately beneath the 
associated pooling hoppers 4, to 4 n . Each of the 
weighing hoppers 6! to 6n is provided with a respeo- 
10 tive hopper weight measuring device 7^ to 7 n and a re- 
spective gate 8, to 8„. Positioned beneath the gates 
8 n to 8 n are a relatively large-sized discharge chute 9. 

Referring to Fig. 2, each of the hopper weight 
measuring devices 7, comprises, for example, a load 
15 cell and is operable to measure the weight of the ar- 
ticle M within the corresponding weighing hopper 6| 
(Fig. 1) and also to output the measured weight W| to 
a combination control means 10 and a parameter set- 
ting means 20. It is to be noted that, in the drawings, 
20 a suffix "i" affixed to some of the reference numerals 
is intended to mean that the element or signal desig- 
nated by the relevant reference numeral to which the 
suffix is affixed is employed in a plural number n. It 
is also to be noted that both of the combination control 
25 means 10 and the parameter setting means 20 are 
implemented by the use of a microcomputer (CPU). 

The combination control means 1 0 is operable to 
select an appropriate combination of the weighing 
hoppers 6| by combining some of the weights of the 
30 articles M measured respectively by the weighing 
hoppers &^ to 6 n shown in Fig. 1. The combination 
control means 10 shown in Fig. 2 comprises a com- 
bined weight calculating unit 11, a target weight set- 
ting unit 11, a combination determining unit 13 and a 
35 hopper open/close control unit 14. The combined 
weight calculating unit 11 performs a summation of a 
combination of arbitrarily chosen m measured 
weights W, out from the measured weights W t to W n 
measured respectively by the hopper weight measur- 
40 ing devices 7 A to 7 n and then outputs the summed 
weight W M> that is, the total weight of the number m 
of the measured weights W, to the combination deter- 
mining unit 13. This summation and the outputting of 
the summed weight W M are carried out subject to all 
45 combinations. 

An input setting means 40 includes a setting key 
31 and an input storage unit 12. The input storage unit 
12 stores the target combilled weight T M , the upper 
limit Tmax. the lower limit T M in and the number x of 
so hoppers selected, all inputted from the setting key 31 . 
It is to be noted that it often occurs that the target com- 
bined weight T M and the lower limit Tmin are set to be 
of an equal value. 

The combination determining unit 13 compares 
55 the summed weight W M with the target combined 
weight T M and also compares the combinational cal- 
culated weight W M falling within the range from the 
lower limit T MlN to the upper limit Tmax within the 
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allowance) with the target combined weight T M fed 
from the input storage unit 12, to thereby select a 
combination in which the weight of the articles M to 
be packaged is equal to the target combined weight 
T M or is of a value within the allowance ranging from 
the lower limit T MN to the upper limit Tmax. The com- 
bination determining unit 13 subsequently outputs a 
selection signal a to the hopper open/close control 
unit 14 and a feeder control unit 30,. 

The hopper open/close control unit 14 opens the 
gates 8] of a selected number m of the weighing hop- 
pers 6, shown in Fig. 1 . In this way, the articles M are 
discharged from the selected weighing hoppers 6), 
subsequently collected together in the collecting and 
discharge chute 9 and finally supplied onto a packag- 
ing machine 9A. Also, the hopper open/close control 
units 14 (Fig. 2) opens the gates 5 { of some of the pool 
hoppers 4, which are associated with the emptied 
weighing hoppers 6 )v thereby allowing the articles M 
to be supplied from such pool hopper 4, onto such 
weighing hoppers 6,. On the other hand, the feeder 
drive control unit 30] is employed for each of the driv- 
ing feeders 3, and is operable to drive the driving feed- 
ers 3, associated with the emptied pooling hoppers 4, 
shown in Fig. 1 according to the predetermined para- 
meter to deliver the articles M to the pooling hoppers 
4|. 

As shown in Fig. 2, the parameter setting means 
20 comprises a target supply weight calculating unit 
23 for calculating the target supply weight T, a para- 
meter calculating unit 21 it and first and second regis- 
ters 24 and 22,. The target supply weight calculating 
unit 23 reads both of the target combined weight T M 
and the number x of the hoppers to be selected from 
the input storage unit 12 and calculates the target 
supply weight T by dividing the target combined 
weight T M by the number x of the selected hoppers. 
In the illustrated embodiment, since the target supply 
weight T is equal for all of the weighing hoppers 6,, the 
average value of the target supply weights T is of a 
value equal to the target supply weight T. 

The setting key 31 is capable of inputting the 
number x of the hoppers to be selected in terms of a 
real number (integer and a real number which is not 
an integer) including a decimal, whereas the input 
storage unit 12 is capable of storing the number x of 
the selected hoppers. The target supply weight calcu- 
lating unit 23 is capable of dividing the target com- 
bined weight T M by the number x of the hoppers to be 
selected which is represented by the real number (the 
integer and the real number which is not an integer) 
including the decimal. 

The target supply weight T is stored in the first 
register 24 and is subsequently read out to the para- 
meter calculating unit 21 ,. The second register 22, is 
used to store the parameter which has been calculat- 
ed by the parameter calculating unit 21 , during the 
previous cycle and is adapted to receive a parameter 
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signal p1, from the parameter calculating unit 21 } . 

The parameter calculating unit 21, is operable to 
determine, based on the measured weights W, sup- 
plied from the hopper weight measuring devices 7,, 

5 whether the amount W, of the articles supplied into 
the hoppers 6, (Fig. 1) is greater or smaller than the 
target supply weight T. If the amount W, of the articles 
supplied into the hoppers 6, is found to be greater than 
the target supply weight T, the parameter calculating 

10 unit 21, subtracts a single unit from the parameter 
supplied from the second register 22 i and then out- 
puts a parameter signal p1, representing this sub- 
tracted value. On the other hand, if the amount W, of 
the articles supplied into the hoppers 6, is found to be 

15 smaller than the target supply weight T, the parameter 
calculating unit 21, adds a single unit to the parameter 
supplied from the second register 22 , and then out- 
puts a parameter signal p1 , representing this summed 
value. Again, if the amount W, of the articles supplied 

20 into the hoppers 6, is found to be equal to the target 
supply weight T, the parameter calculating unit 21) 
pass therethrough and outputs the parameter sup- 
plied from the second register 22, as a parameter sig- 
nal p1,. Although not shown, both of the parameter 

25 calculating unit 21, and the second register 22, are 
employed for each of the amplitude and the vibrating 
time of the driving feeders 3, shown in Fig. 1. 

A feeder drive control unit 30, is operable in re- 
sponse to the parameter signal p1, from the parame- 

30 ter calculating unit 21, to drive the driving feeders 3, 
according to the preset parameter. Accordingly, each 
of the weighing hoppers 6, is supplied with the articles 
M in a quantity approximating to the target supply 
weight T. 

35 A basic operation of the combinational weighing 

apparatus will now be described in detail. 

The articles M to be weighed are transported by 
the transport conveyor 1, shown in Fig. 1, onto the 
dispensing feeders 2 and are, after having passed 

40 through the driving feeders 3,, the pooling hoppers 4, 
and the weighing hoppers 6,, eventually discharged 
through the collecting and discharging chute 9 and 
into the packaging machine 9A which serves to pack- 
age the articles M into, for example, a bag. At this 

45 time, the combination control means 10 selects an 
appropriate combination of the number m of the 
weighing hoppers 6, (Fig. 1) as hereinbefore descri- 
bed. On the other hand, the hopper open/close con- 
trol unit 14 opens the gates 5, of some of the pooling 

so hoppers 4, operatively associated with the weighing 
hoppers 6, from which the articles M have been dis- 
charged, so that the articles M can be supplied from 
the pooling hoppers 4, onto the empty weighing hop- 
pers 6,. Also, the driving feeders 3, operatively asso- 

55 ciated with the emptied pooling hoppers 4, are driven 
to supply the articles M to the empty pooling hoppers 
4,. 

The number x of the hoppers to be selected re- 

5 
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f erred to above is set to be, for example, 4.8 where the 
target combined weight T M is set to be 100 gram, the 
upper limit Tmax is set to be 110 gram and the number 
of the weighing hoppers 6, is 10 (a 10-head machine). 
The reason therefor will now be discussed. 

As hereinbefore discussed in connection with the 
prior art, where the number of the weighing hoppers 
6| is ten, the number of the combinational calculated 
weights W M in which arbitrarily chosen number m of 
the weighing hoppers are selected will attain a max- 
imum value when the arbitrarily chosen number m is 
5. Therefore, the number of the weighing hoppers to 
be selected may be considered to be 5. 

Since if the number x of the weighing hoppers to 
be selected is assumed to be 5, the target supply 
weight T shown in Fig. 2 becomes equal to the target 
combined weight T M divided by 5, i.e., T = Tm/5, there 
is the highest probability that the combinational cal- 
culated weight W M in which the respective weights 
measured by the five weighing hoppers 6i are com- 
bined is of a value equal to the target combined weight 
T M and the pattern of distribution of probabilities of 
occurrence of the combinational calculated weights 
W M is such as shown by the phantom line in Fig. 1(b). 
For this reason, the probability of occurrence of a val- 
ue slightly smaller than the target combined weight 
T M> that is, the lower limit Tmjn becomes high as well 
and, since the combinational calculated weight W M 
which is smaller than lower limit T mH cannot be select- 
ed, there is a possibility that no combinational selec- 
tion takes place. In other word, if the number x of the 
selected hoppers is 5, the number of the weighing 
hoppers 6, actually selected will become greater than 
5. 

On the other hand, if the numberxof the weighing 
hoppers to be selected is chosen to be 4.8, the target 
combined weight T M divided by 4.8, i.e., 100/4.8, re- 
sults in the target supply weight T of 20.8 gram. Ac- 
cordingly, the value T M 1 at which the probability of oc- 
currence of the combinational calculated weight W M 
in which the five measured weights W, are combined 
attains a maximum (highest) value is given by a mul- 
tiplication of the target supply weight T by 5, that is, 
20.8 x 5 = 104 gram, which is greater than the target 
combined weight T M and falls within the allowance of 
the lower limit Tmin (1 00 gram) to the upper limit Tmax 
(1 10 gram). In this case, a pattern of distribution of the 
probability of occurrence of the combinational calcu- 
lated weight W M is such as shown by the solid line in 
Fig. 1(b) and the probability of occurrence of the com- 
bination selected weight W s shown by the area S1 
hatched by the solid line in Fig. 1 (b) is greater than the 
probability of occurrence thereof shown by the area 
S2 hatched by the phantom line in Fig. 1(b) according 
to the prior art and, consequently, the cases in which 
no combinational selection takes place are mini- 
mized. Thus, by selecting the number x of the select- 
ed weighing hoppers to be 4.8, that is, by choosing the 



value equal to the target combined weight T M divided 
by a real number, which is not an integer, for the target 
supply weight T (for example, 20.8 gram) to which the 
articles are to be supplied into the weighing hoppers 
5 6 iv there is a high tendency that the number of the 
weighing hoppers 6, actually selected is 5. 

In the meantime, in the prior art combinational 
weighing apparatus disclosed in the Japanese Patent 
Publication No. 62-30367, the target supply weight for 
10 each of the weighing hoppers is chosen to be (T - AT), 
T and (T + AT). In this prior art combinational weighing 
apparatus, although the weighing hopper for which 
the target supply weight is chosen to be T is of a value 
equal to the target combined weight T M divided by an 
15 integer, considering only the weighing hoppers for 
which the target supply weight is chosen to be (T - AT) 
or (T + AT), the value equal to the target combined 
weight T M divided by a real number including a deci- 
mal is set for the target supply weight However, ao- 
20 cording to this prior art, the average value of the target 
supply weights Is T and, accordingly, it does not bring 
about such function and effects as accomplished by 
the present invention. Accordingly, whether or not it is 
included within the scope of the present invention is 
25 to be determined in consideration of whether or not 
the average value T of the target supply weights T| for 
all of the weighing hoppers is equal to the target com- 
bined weight T M divided by a real number which is not 
an integer, not in consideration of whether or not the 
30 individual target supply weight T, is equal to the target 
combined weight T M divided by a real number which 
is not an integer. 

According, however, to the first preferred em- 
bodiment of the present invention discussed herein- 
35 before, the value equal to the target combined weight 
T M divided by a real number which is not an integer is 
chosen to be the target supply weight T to which the 
articles are to be supplied into the weighing hoppers 
6 h so that the value T M 1 at which the probability of oc- 
40 currence of the combinational calculated weight W M 
attains a maximum value is greater than the target 
combined weight T M and falls within the allowance 
ranging from the lower limit T MIN to the upper limit 
Tmax- However, as will be described subsequently, by 
45 setting a quasi-target combined weight T M 1 which is 
greater than the target combined weight T M and falls 
within the allowance from the lower limit Tmin to the 
upper limit Tmax and then by setting the parameter for 
each driving feeders 3, based on the quasi-target 
50 combined weight T M i, the combinational calculated 
weight W M at which the probability of occurrence at- 
tains a maximum value may be chosen to be greater 
than the target combined weight T M while falling with- 
in the allowance from the lower limit T M!N to the upper 
55 limit Tmax. 

Fig. 3 illustrates a second preferred embodiment 
of the present invention. Referring to Fig. 3, the input 
storage unit 12 stores, in addition to the target com- 
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bined weight T M , the quasi-target combined weight 
T M 1 which has been inputted thereto from the setting 
key 31 . Both of the quasi-target combined weight T M 1 
and the number x of the hoppers to be selected are 
outputted to the target supply weight calculating unit 5 
23. The target supply weight calculating unit 23 deter- 
mines the target supply weight T by dividing the quasi- 
target combined weight T M 1 by the number x of the 
hoppers to be selected, which target supply weight T 
is subsequently stored in the first register 24. Accord- 1 o 
ingfy, the parameter calculating unit 21 1 of the para- 
meter setting means 20 determines the parameter for 
each driving feeder 3, on the basis of the quasi-target 
combined weight T M 1. 

As shown in Fig. 1(b), the quasi-target combined 1 5 
weight T M 1 is set to a value greater than the target 
combined weight T M and falling within the allowance 
from the lower limit T M)N to the upper limit Tmax- By 
way of example, if the target combined weight T M is 
100 gram and the upper limit Tmax is 110 gram, the 20 
quasi-target combined weight T M 1 is set to be 104 
gram. Where the number of the weighing hoppers 6 t 
is 10, the number x of the hoppers to be selected is 
set to be 5. Accordingly, even in this second preferred 
embodiment of the present invention, the target sup- 25 
ply weight T is chosen to be 20.8 gram as is the case 
with the first preferred embodiment of the present in- 
vention and the pattern of distribution of the probabil- 
ity of occurrence of the combinational calculated 
weight W M represents such as shown in Fig. 1(b). 30 

On the other hand, since in selecting the weigh- 
ing hoppers 6, the combination determining unit 13 
selects a combination of the weighing hoppers 6, on 
the basis of the target combined weight T M , not the 
quasi-target combined weight T M 1 shown in Fig. 3, the 35 
combination selected weight W 8 will take a value 
close to the target combined weight T M . It is to be not- 
ed that, in the practice of the second preferred em- 
bodiment of the present invention, the number x of the 
hoppers to be selected may be inputted in the form of 40 
an integer as is the case with the prior art Since other 
structural features than those described above are 
similar to those described in connection with the first 
preferred embodiment of the present invention, parts 
shown in Fig. 3 which are similar to parts shown in 45 
Fig. 2 are designated by like reference numerals em- 
ployed in Fig. 2 and the details thereof are not reiter- 
ated for the sake of brevity. 

It is to be noted that in the practice of any one of 
the first and second preferred embodiments of the so 
present invention, the target supply weight calculat- 
ing unit 23 performs the following calculations to de- 
termine the target supply weight T. 

T = Tm/x (x is a real number which is not an inte- 
ger.) (1) 55 

T = T M 1/x (x is a natural number and T M < T M 1 < 
Tmax) (2) 

However, in the practice of the present invention, 



the target supply weight calculating unit 23 may be 
designed to perform the following calculations (3) to 
(6) to give rise to the effects of the present invention 
and, therefore, this alternative should be included 
within the scope of the present invention. 
T = (T MIN + Tmax)^(2 x) (x is a natural number.) 
(3) 

T = (Tm/xJci (x is a natural number and a is a num- 
ber smaller than 1 , for example, 0.95) (4) 
T = (Tm/x)P (x is a natural number and 0 is a num- 
ber greater than 1 , for example, 1 .05) (5) 
T = OVx) + Ay (x is a natural number and Ay is a 
value such as about 1 gram.) (6) 
Where the target supply weight T is to be deter- 
mined according to the foregoing equations (3) to (6), 
the target supply weight calculating unit 23 shown in 
Fig. 2 should be modified. 

A third preferred embodiment of the present in- 
vention is shown in Fig. 4, reference to which will now 
be made. 

Referring now to Fig. 4, an input setting means 40 
is capable of inputting the target supply weight T to 
which the articles are to be supplied Into the weighing 
hoppers 6j. In other words, the target supply weight T 
is inputted from the setting key 31 and is subsequent- 
ly stored in the input storage unit 12. This target sup- 
ply weight T is then transferred to the first register 24 
which outputs it to the parameter calculating unit 21 t . 
Accordingly, the parameter calculating unit 21 1 of the 
parameter setting means 20 is capable of setting the 
parameter for each driving feeder 3j on the basis of 
the target supply weight T. By way of example, if the 
target combined weight T M is 100 gram, the upper lim- 
it Tmax is 110 gram and the number of the weighing 
hoppers 6, is 10, the target supply weight T is set to 
be 20.8 gram. Accordingly, even with the third prefer- 
red embodiment of the present invention, similar ef- 
fects to those given by any one of the first and second 
preferred embodiment of the present invention can be 
obtained. Since other structural features than those 
described above are similar to those described in 
connection with the f irst preferred embodiment of the 
present invention, parts shown in Fig. 4 which are 
similar to parts shown in Fig. 2 are designated by like 
reference numerals employed m Fig. 2 and the details 
thereof are not reiterated for the sake of brevity. 

In describing anyone of the first to third preferred 
embodiments of the present invention, the combina- 
tional weighing apparatus (the 10-head machine) has 
been descried as having ten weighing hoppers 6,. 
However, the present invention is not always limited 
thereto and is equally applicable to any other head 
number machine such as a 14-head combinational 
weighing apparatus in which the number of the weigh- 
ing hoppers 6, employed is 14. 

In the 14-head combinational weighing appara- 
tus, the combination control means 10 shown in Fig. 
1 selects m weighing hoppers 6, out from the 14 
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weighing hoppers 6j and again selects k weighing 
hoppers 6| out from the remaining weighing hoppers 
6,, that is, (14 - m) weighing hoppers 6|. Accordingly, 
after the selection, the weighing hoppers 6j are se- 
lected from the number of the weighing hoppers 6| 
which is smaller than 14. By way of example, assum- 
ing that the five weighing hoppers 6, are selected out 
from the remaining ten weighing hoppers 6| which are 
smaller in number than the total number of the weigh- 
ing hoppers 6, employed, the number of the still re- 
maining weighing hoppers 6, is 5 and, therefore, even 
though the number of the weighing hoppers 6i to 
which the articles are newly supplied from the asso- 
ciated driving feeders 3j, which is 4, is added, selec- 
tion must be made from the nine weighing hoppers 6i 
and the accuracy of selection of the combination will 
therefore be lowered. Accordingly, in the case of the 
14-head combinational weighing apparatus or the 
like apparatus wherein selection cannot be made 
from all of the weighing hoppers 6|, it is important to 
render the number of the weighing hoppers actually 
selected to be a predetermined value. 

However, in the weighing apparatus of the pres- 
ent invention, it is possible to render the number of the 
weighing hoppers 6] actually selected to be close to 
a predetermined value such as, for example, 4. In 
other words, since the number of the weighing hop- 
pers selected can be controlled, the accuracy of se- 
lection of the combination increases. 

In addition, the present invention can be equally 
applicable to the combinational weighing apparatus 
of a type equipped with an auxiliary hopper system as 
shown in Fig. 5. In the system of Fig. 5, each of the 
weighing hoppers 6 1 to 6 n is equipped with two gates 
which are selectively opened to supply the articles M 
into an associated auxiliary hopper 4A| or into the col- 
lecting and discharging chute 9. Accordingly, the 
number of the hoppers which can be used for selec- 
tion of the combination is twice the number of the 
weighing hoppers G A to 6 n . 

Also, in describing any one of the foregoing first 
to third preferred embodiments of the present inven- 
tion, reference has been made to the combinational 
weighing apparatus operable to weigh the articles M 
to the target combined weight T M . However, the pres- 
ent invention is also applicable to a combinational 
counting apparatus operable to count the articles, 
such as screws or like machine parts, to a target com- 
bined count. In such combinational counting appara- 
tus, the number of the articles M held in the weighing 
hoppers 6] is detected by measuring the weight of the 
articles M therein, and an appropriate combination of 
the weighing hoppers 6] is chosen so as to obtain a 
combined number of the articles M equal to the target 
combined count or within the allowance. 

As hereinbefore fully described, according to the 
present invention, since the probability of occurrence 
of the combined calculated weight is maximized at the 



value greater than the target combined value within 
the allowance, the probability of selection of the com- 
bination is high as compared with that according to 
the prior art 

5 

Claims 

1 . A combitional weighing or counting method which 

10 comprises the steps of: 

supplying from an upstream side articles 
to a plurality of weighing hoppers by driving a cor- 
responding number of driving feeders; 

selecting as a combination selected value, 

is one of combinational calculated values which are 

obtained by combining measured values of the 
articles supplied into the weighing hoppers, 
which one is of a value equal to a target combined 
value or within an allowance thereof; and 

20 setting the value, at which a probability of 

occurrence of the combinational calculated value 
is maximum, to be greater than the target com- 
bined value, but falling within the allowance. 

25 2. A combinational weighing or counting method 
which comprises the steps of: 

supplying from an upstream side articles 
to a plurality of weighing hoppers by driving a cor- 
responding number of driving feeders; 

30 selecting as a combination selected value, 

one of combinational calculated values which are 
obtained by combining measured values of the 
articles supplied into the weighing hoppers, 
which one is of a value equal to a target combined 

35 value or within an allowance thereof, and 

setting a quotient of the combinational cal- 
culated values divided by a real number which is 
not an integer, to be an average value of target 
supply values to which the articles are to be sup- 

40 plied to the respective weighing hoppers. 

3. The combinational weighing or counting method 
as claimed in Claim 2, wherein the real number 
which is not an integer is a value slightly smaller 

45 than the number of the weighing hoppeis which 

provides a greatest number of combinations. 

4. A combinational weighing or counting apparatus 
which comprises: 

so a plurality of weighing hoppers; 

a plurality of driving feeders for supplying 
articles from an upstream side towards the cor- 
responding weighing hoppers when the driving 
feeders are driven; 

55 means for selecting, as a combination se- 

lected value, one of combinational calculated val- 
ues which are obtained by combining measured 
values of the articles supplied into the weighing 
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hoppers, which one is of a value equal to a target 
combined value or within an allowance thereof; 

an input setting means capable of being 
manipulated to input an integer and a real num- 
ber, which is not an integer, as a number of the 5 
weighing hoppers to be selected for determining 
a target supply value, to which the articles are to 
be supplied to the individual weighing hopper, 
which is obtained by dividing the target combined 
value; and 10 

a target supply value calculating unit for 
obtaining said target value by dividing the target 
combined value by the number of the selected 
weighing hoppers which is the integer and the 
real number which is not an integer. is 

5. The combinational weighing or counting appara- 
tus as claimed in Claim 4, wherein the real num- 
ber which is not an integer is a value slightly 
smaller than the number of the weighing hoppers 20 
which provides a greatest number of combina- 
tions. 

6. A combinational weighing or counting method 
which comprises the steps of: 25 

supplying from an upstream side articles 
to a plurality of weighing hoppers by driving a cor- 
responding number of driving feeders; 

selecting as a combination selected value, 
one of combinational calculated values which are 30 
obtained by combining measured values of the 
articles supplied into the weighing hoppers, 
which one is of a value equal to a target combined 
value or within an allowance thereof; and 

setting a parameter for controlling a sup- 35 
ply ability of each of the driving feeders on the ba- 
sts of a quasi-target combined value which is 
greater than the target combined value, but failing 
within the allowance. 

40 

7. A combinational weighing or counting apparatus 
which comprises: 

a plurality of weighing hoppers; 

a plurality of driving feeders for supplying 
articles from an upstream side towards the cor- 45 
responding weighing hoppers when the driving 
feeders are driven; 

means for selecting, as a combination se- 
lected value, one of combinational calculated val- 
ues which are obtained by combining measured so 
values of the articles supplied into the weighing 
hoppers, which one is of a value equal to a target 
combined value or within an allowance thereof; 

a setting means for setting a quasi-target 
combined value in addition to the target com- 55 
bined value; and 

a parameter setting means for setting a 
parameter for controlling a supply ability of each 

9 
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of the driving feeders on the basis of the quasi- 
target combined value. 

8. A combinational weighing or counting apparatus 
which comprises: 

a plurality of weighing hoppers; 

a plurality of driving feeders for supplying 
articles from an upstream side towards the cor- 
responding weighing hoppers when the driving 
feeders are driven; 

means for selecting, as a combination se- 
lected value, one of combinational calculated val- 
ues which are obtained by combining measured 
values of the articles supplied into the weighing 
hoppers, which one is of a value equal to a target 
combined value or within an allowance thereof; 

an input setting means capable of being 
manipulated to input a target supply value to 
which the articles are to be supplied to each of the 
weighing hoppers; and 

a parameter setting means for setting a 
parameter for controlling a supply ability of each 
of the driving feeders on the basis of the target 
supply value. 



EP 0 640 814 A1 




Fig. 1(b) 
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Fig. 2 
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Fig. 3 



7; 



io 



Combination Control Means 



\ 11 



Hopper 
Weight 
Measuring 
Device 



W 5 



13 



Combined 

Weight 
Calculating 
Unit 



14, 



Ccnbinaticn 
Determining 
Unit 



40. 




Input 

Setting 
Means 



Tm w 
Tmai 



Input Storage 
Unit 



Target 
Combined 
Weight 



Upper 
Limit 



Lower 
Limit 



Number of 
Selected 
Hoppers 



iasi-Tkrget 
Combined 
Weight 



i i 



20 

\ 



Tm 1 



23 



\ 



hO 
C 

•r-t 

o| 24 
2 n 

£ 21, 



T^nget Supply 

Weight 
Calculating 
Unit 



T 



First 
Register 



W 5 



Parameter 
Calculating 
Unit 



22;- 



Second 
Register 



Hopper 
Open /Close 
Control 
Unit 



3; 



\> 

Driving 
Feeder 



30; 



LJ 

Feeder 
Control 
Unit 



PI 



12 



BNSDOCID: <EP. 



064081 4A1J_> 



EP 0 640 814 A1 



Fig. 4 
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Fig. 5 





BNSOOCID: <EP 064081 4A1_I_> 



EP 0 640 814 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 30 6202 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with 
of relevant pi 



where appropriate. 



Relevant 
to i 



CLASSIFICATION OF THE 
APPLICATION (IntX16) 



A 

A 



EP-A-Q 298 736 (YAMATO SCALE COMPANY 
LIMITED) 

* page 2, line 1 - line 2 * 

* page 2, line 8 - line 16 * 

* page 2, line 40 - line 44 * 

GB-A-2 095 934 (K.K. ISHIDA K0KI 
SEISAKUSH0) 

* abstract * 

* page 1, line 80 - line 87 * 

US-A-4 828 054 (OREN A. M0SHER) 

* abstract * 

EP-A-0 319 225 (KLIKL0K CORPORATION) 

* abstract * 

* column 3, line 37 - line 44 * 

EP-A-0 097 531 (K.K. ISHIDA KOKI 
SEISAKUSHO) 

* abstract * 



The present search report has been drawn up for all claims 



G01G19/393 
G01G19/42 



1,4,6,7 

1,4,6,7 
1,4,6,7 

1,4,6,7 



TECHNICAL FIELDS 
SEARCHED (lnt.O.6) 



G01G 



Place •fsearca 

THE HAGUE 



Date of coayletfa of Ike want) 

16 November 1994 



Ganci, P 



2 
8 



i 

o 
o 
& 



CATEGORY OF CITED DOCUMENTS 

X : particulariy relevant if token alone 

Y : particularly relevant if combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earlier patent document, but published on, or 

after the flumg date 
D : document cited in the application 
L : document cited for other reasons 

r of the same patent family, corresponding 



15 



BNSDOCID: <EP 064081 4A1 J_> 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



VX FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHffilT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: : 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




